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CLAIMS : 



The invention claimed is: 

1. A method to identify a regulator of telomerase activity, comprising: a) 
obtaining a preparation of mammalian telomerase enzyme purified by at least - 
2000-fold more pure than an extract of cells from adenovirus-transf ormed 
kidney cell line (293 cells), wherein the telomerase enzyme contains 
telomerase RNA component, and has a molecular weight of 200-2000 kDa; b) 
combining the preparation with a compound; c) determining telomerase activity 
of the enzyme in the presence of the compound; d) identifying the compound as 
being a regulator of telomerase if the telomerase activity measured in step c) 
is affected by the presence of the compound. 

2. The method of claim 1, wherein the telomerase preparation was obtained by a 
process in which a solution containing telomerase activity was combined with 
an oligonucleotide having specific activity for mammalian telomerase; and then 
protein was collected that had bound the oligonucleotide. 



3. The method of claim 2, wherein the oligonucleotide comprises a retrievable 
label. 



4. The method of claim 3, wherein the retrievable label is biotin. 

5. The method of claim 2, wherein the solution that was combined with the 
oligonucleotide had been obtained by preparing an enriched solution ■ from a 
cell expressing telomerase, whereby telomerase enzyme in the enriched solution 
was separated from other proteins expressed by the cell. 
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6. The method of claim 2, wherein the process used to prepare the telomerase 
comprised combining a fraction containing telomerase enzyme with an anion 
exchange matrix, and collecting protein that bound the matrix. 

7. The method of claim 2, wherein the process used to prepare the telomerase 
comprised combining a fraction containing telomerase enzyme with a cation 
exchange matrix (such as a heparin matrix), and collecting protein that bound 
the matrix. 

8. The method of claim 2, wherein the process used to prepare the telomerase 
comprised combining a fraction containing telomerase enzyme with an 
intermediate selectivity matrix, and collecting protein that bound the matrix; 
wherein the intermediate selectivity matrix had at least one of the following 
substituents : hydroxyapatite, a polyamine (such as spermine or spermidine), 
poly guanylic acid, a divalent metal ion (such as Ni.sup.++), a positively 
charged poly-amino acid (such as poly-L-lysine) , a positively charged enzyme 
(such as histone), or aminophenyl-boronic acid. 

9. The method of claim 2, wherein the process used to prepare 1 the telomerase 
comprised separating a fraction containing the telomerase enzyme by gel 
filtration chromatography or gradient centrif ugation that separates molecules 
>200 kDa. 

10. The method of claim 2, wherein the oligonucleotide contains a sequence 
that binds specifically to telomerase RNA component. 

11. The method of claim 10, wherein the oligonucleotide contains the sequence 
of oligo 5 (SEQ. ID NO: 3) . 

12. The method of claim 2, wherein the oligonucleotide contains a sequence 
that is specifically recognized by telomerase protein. 

13. The method of claim 12, wherein the oligonucleotide contains the sequence 
(TTAGGG) . sub . 3 (SEQ. ID NO: 6). 

14. The method of claim 12, wherein the oligonucleotide does not contain the 
sequence (TTAGGG) . sub . 3 (SEQ . ID NO: 6). 

15. The method of claim 12, wherein the oligonucleotide contains the sequence 
of M2/TS (SEQ. ID NO : 8 ) . 

16. The method of claim 1, wherein the telomerase preparation is at 
least . about . 20, 000 fold more pure than the cell extract. 

17. The method of claim 1, wherein the telomerase preparation is 

between .about. 3, 000 and . about . 60, 000 fold more pure than the cell extract. 

18. The method of claim 1, wherein the telomerase protein is human. 

19. The method of claim 1, wherein the telomerase preparation has measurable 
telomerase activity in 0.2 .mu.g of protein when quantified in a telomere 
primer elongation assay in which .sup. 32 P-labeled primer extensions are 
separated on a gel and detected using a phosphoimager screen. 

20. The method of claim 1, wherein telomerase core enzyme is present in the 
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preparation at a concentration of at least 3 . times . 10 . sup . -10 mol L.sup.-l. 

21. The method of claim 1, wherein telomerase core enzyme is present in the 
preparation at a concentration of at least 2 . times . 10 . sup . -9 mol L.sup.-l. 

22. The method of claim 1, wherein the telomerase activity is determined in 
step c) by a primer elongation assay. 

23. The method of claim 1, wherein the telomerase activity is determined in 
step c) by a dot blot assay. 

24. The method of claim 1, whereby the compound is identified as being an 
inhibitor of telomerase. 

25. The method of claim 1, whereby the compound is identified as being an 
activator of telomerase. 
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AB This invention provides purified mammalian telomerase and methods of 

purifying it. The methods involve the use of several sequential steps, 
including the use of anion exchange matrix, heparin-containing matrix, 
spermidine-containing matrixes, gel filtration chromatog. or gradient 
centrifugation, and affinity purification An affinity agent 
(oligonucleotide complementary to the RNA component of telomerase 
labeled with biotin and isolated with matrix-bound streptavidin) is 
disclosed. A method for preparing human telomerase that is 65,320-fold 
•purified compared to that in crude cell extract is described. The 
method comprises six steps in succession: (1) CHAPS detergent S-100 
extract preparation from 293 cells; (2) chromatog. of the S-100 extract 
on POROS 50HQ matrix; (3) chromatog. of the POROS 50HQ active fractions 
on POROS Heparin 20HE-1 matrix; (4) chromatog. of the POROS Heparin 2 0 
HE-1 active fractions on POROS spermidine matrix; (5) chromatog. of the 
POROS Spermidine active fractions on Superose 6 sizing column; and (6) 
chromatog. of the Superose 6 sizing column active fractions on Oligo 5 
affinity matrix. 
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AB This invention provides purified human telomerase and methods of 

purifying it. The methods involve the use of several sequential steps, 
including the use of matrixes that bind mols. bearing neg. charges, 
matrixes that bind mols. bearing pos. charges, intermediate-selectivity 
matrixes, methods that sep. mols. based on their size, shape, or buoyant 
d., and by affinity purification Human telomerase was purified to over 



60,000-fold purity from 293 cell exts. This method comprises six steps 
in succession: (1) CHAPS detergent S-100 extract preparation from 293 
cells; (2) chromatog. of the S-100 extract on POROS 50HQ matrix; (3) 
chromatog. of the POROS 50HQ active fractions of POROS Heparin 20HE1 
matrix; (4) chromatog. of the POROS Heparin 20HE1 active fractions on 
POROS spermidine matrix; (5) chromatog. of the POROS Spermidine active 
fractions on Superose 6 sizing column; and (6) chromatog. of the 
Superose 6 sizing column active fractions on Oligo 5 affinity matrix. A 
telomere primer elongation assay for siammalian telomerase is also 
described. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Telomere length is maintained in most eukaryotic cells by telomerase. 
The core components of this ribonucleoprotein (RNP) enzyme include a 
protein catalytic subunit, composed of motifs conserved among reverse 
transcriptases (RT) , and an RNA subunit that contains a short 
template sequence essential for the synthesis of telomeric repeats. 
We developed an electrophoretic mobility shift assay using active 
telomerase partially purified from 293 cells and radiolabeled, in 
vitro-transcribed human telomerase RNA (hTR) to investigate the 
molecular interactions of the human telomerase RT (hTERT) and 
telomerase-associated proteins with hTR. A specific hTR-protein 
complex was identified and shown to contain hTERT and human Staufen 
by antibody supershift assays. Variants of hTR altered in distinct 
structural elements were analyzed for their ability to competitively 
inhibit complex formation. Human telomerase RNAs lacking the CR4-CR5 
domain were poor inhibitors of hTR-protein complex formation, 
suggesting that the CR4-CR5 domain of hTR is a potential protein- 



binding site. Furthermore, alterations in the telomerase RNA 
pseudoknot's P3 helix, the CR7 domain, or the H/ACA box efficiently 
inhibited formation of the complex, indicating that these domains are 
dispensable for the assembly of a telomerase RNP in vitro. Potential 
telomerase-associated proteins that bind hTR were also identified 
using a UV cross-linking assay. 
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AB The enzyme telomerase plays a crucial role in cellular proliferation 

and tumorigenesis . By adding hexameric repeats to chromosome ends, it 
prevents telomeric loss and, thus, entry into senescence. Recent data 
suggest that expression of the human telomerase reverse transcriptase 
subunit (hTERT) represents the limiting factor for telomerase 
activity. To gain an insight into the mechanisms regulating hTERT 
expression, we have determined the complete genomic organization of 
the hTERT gene and isolated the 5'- and 3»- flanking region. The 
hTERT gene encompasses more than 37 kb and consists of 16 exons . We 
show that all hTERT insertion and deletion variants described so far 
most likely result from the usage of alternative splice consensus 
sequences in intron or exon regions. Furthermore, we identified a new 
hTERT splice variant. Analysis of the DNA sequence surrounding the 
putative transcriptional start region revealed a TATA- less promoter 
located in a CpG island. A promoter fragment spanning the first 1100 
bp upstream of the initiating ATG start codon exhibited high-level 
activity in HEK-293 cells. Several consensus binding sites for the 
transcription factor Spl as well as a c-Myc binding site were 
identified in this promoter region. Altogether, these results provide 
the basis for more detailed studies on the regulation of telomerase 
activity in normal and cancer cells, and may lead to the development 
of new cancer therapies. (C) 1999 Elsevier Science B.V. All rights 
reserved. 
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AB Telomerase reporter constructs are suitable for use in reporting 

transcriptional activity of a mammalian telomerase gene transcription 
regulatory region. The constructs contain a transcription regulatory 
region of a mammalian telomerase gene operably linked to a reporter 
polynucleotide sequence. The regulatory region for the gene encoding 
the RNA component of human telomerase is reported and may be used in 
constructs containing such reporter genes as CAT, p-GAL, NEOR, HSV-TK to 
create recombinant mammalian host cells that can used to identify 



telomerase transcription modulators, which are potential 
anticarcinogenic agents. 
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AB 



The invention provides telomerase reporter constructs suitable for use 
in reporting activity of the transcription regulatory region of a 
mammalian telomerase gene. Said constructs comprise a human telomerase 
. gene transcription regulatory region operably linked to a reporter 
polynucleotide sequence. In one embodiment, the transcription 
regulatory region comprises sequences from the hTR promoter region. In 
certain embodiments, the invention provides for the use of the disclosed 
reporter constructs in assays for determining whether an agent modulates 
expression of telomerase. 
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AB Peptide nucleic acids (PNAs) that can bind with the RNA moiety of 

mammalian telomerases and that can inhibit the enzyme are described. 
The PNAs may be antisense or triple helix- or D-loop-f orming . The PNAs 
may be further modified with lipid moieties or signal peptides to ensure 
.their efficient uptake by animal cells. The PNAs can be used to assay 
telomerase activity and to inhibit the enzyme in the treatment of 
disease. A series of PNA candidates for inhibition of telomerase 
activity were tested for efficacy in a telomere repeat amplification 
protocol assay and inhibition in the micromolar or nanomolar range was 
found. Further optimization expts . are reported. 
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The NACHT family - a new group of predicted NTPases 
implicated in apoptosis and MHC transcription 
activation 
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AB In the course of the recent anal, of the domain architectures of 

proteins involved in programmed cell death, we noticed that neuronal 
apoptosis inhibitor protein (NAIP) and MHC class II transcription 
activator (CIITA) contain a distinct predicted nucleoside triphosphatase 



(NTPase) domain. Here we report that this domain belongs to a new 
family of predicted NTPases that include animal, fungal and bacterial 
proteins. The existence of a new family became apparent with the recent 
identification of a new pro-apoptotic protein, CARD4, which activates 
NF-kB. CARD4 contains a predicted NTPase domain that shows highly 
significant sequence similarity to CIITA. When the sequence of CARD4 
between positions 119 and 417 was used as the query for searching the 
non-redundant protein database at the NCBI with the gapped BLAST 
program, the random expectation (E) value for the alignment with CIITA 
was <10-14. A single iteration of this database search using the PSI- 
BLAST program (with the cut-off for inclusion of sequences in the 
profile set at e = 0.001) retrieved, with E <10-4, the sequences of 
NAIP, two uncharacterized human proteins and, unexpectedly, those of the 
nxammalian telomerase-associated proteins (TP1) and a predicted NTPase 
from Streptomyces coelicolor. Further database searches initiated with 
these sequences showed significant similarity to two addnl . bacterial 
predicted NTPases (another one from Streptomyces coelicolor and one from 
Synechocystis sp.) and incompatibility locus protein from Podospora 
anserina (HET-E) . The results of these searches suggested the existence 
of a new family of NTPases, which we termed the NACHT family, after 
NAIP, CIIA, HET-E and TP1 . The multiple alignment of the NACHT 
proteins, constructed using the MACAW program, shows the conservation of 
seven distinct motifs, including the ATP/GTPase-specif ic P-loop, the 
Mg2+-binding site (Walker A and B motifs, resp.) and five more specific 
motifs . 
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'ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB The cy clin -dependent kinase inhibitor p27(KIPl) is considered not 

only a prognostic factor in cancer, but also a promising anti-cancer 
agent. However, the relationship between p27 KIP I and telomerase, 
that has potential as tumor-marker, remains to be elucidated. In this 
study, using the recombinant adenoviral vector expressing p27(KIPl) 
(Adp27 (KIP1) ) , we investigated whether p27(KIPl) affects telomerase 
activity in malignant glioma U373-MG cells. Overexpression of 
p27(KIPl) suppressed telomerase activity in tumor cells. The down- 
regulation of telomerase was due to inhibition of the-human 
telomerase reverse transcriptase (hTERT) gene expression at the 
transcriptional level. This inhibitory effect was partially induced 
by interfering with binding sites of the hTERT core promoter for 
transcription factors Myc and Spl . These findings identify a novel 
role for p27(KIPl) in down-regulation of telomerase activity. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Human telomerase reverse transcriptase (hTERT) is a catalytic subunit 
of human telomerase and is a critical determinant of the enzymatic 
activity of telomerase. Expression of hTERT is known to be regulated 
mainly at the transcriptional level. In the present study, using 
transient expression assays, we identified a 400 bp silencer of the 
hTERT promoter between -776 and -378 upstream of the proximal core 
promoter. The inhibitory effects of this silencer were enhanced with 



cellular differentiation. A computer-assisted homology search 
identified multiple binding motifs for myeloid-specif ic zinc finger 
protein 2 (MZF-2) within this region, Mutation introduced in these 
sites resulted in significant activation of hTERT transcription, Gel 
shift assays demonstrated that MZF-2 proteins specifically bound to 
these sites. Overexpression of MZF-2 in cells led to down -regulation 
of hTERT transcription as well as telomerase activity, These findings 
suggest that the 4 00 bp region upstream of the hTERT core promoter 
that we identified functions as a negative regulatory region and that 
MZF-2 may be an effector of negative regulation of hTERT. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Telomerase is a specialised ribonucleoprotein comprising of, at 
present, 3 known components: the human telomerase RNA component 
(hTR) ; the human telomerase reverse transcriptase catalytic subunit 
(hTERT), and TP1, a telomerase-associated protein. Applications 
involving telomerase have been proposed in the fields of cellular 
engineering, diagnostics/prognostics and therapeutics. In the 
diagnostics area, around 85% of human cancers have been shown to 
possess telomerase activity, while such activity is not detectable in 
most somatic cells. In some cases (notably neuroblastomas, gastric 
and breast rumours) , higher levels of telomerase activity were 
associated with poor prognosis. Telomerase activity, which has 
generally been measured using a highly sensitive PCR-based TRAP 
assay, may also be assessed to monitor residual disease following 
surgery and/or chemotherapy. As telomerase appears to be selectively 
expressed in rumours versus normal cells, many have proposed that the 
enzyme represents a good target for inhibition. Efforts are underway 
to target various components of the telomerase/telomere machinery 
including the hTR template region using antisense oligonucleotides 
and peptide nucleic acids (PNAs) , some of which inhibit at the 
nanomolar level, hTERT, and the telomere/telomerase interaction. 



Small -molecule inhibitors of telomerase have recently been described. 
These include a series of regioisomeric diamidoanthracene-9 , 10-diones 
(the best of which inhibit telomerase in cell-free assays with IC50 
values of 1 - 5 mu M) and porphyrin-based molecules. These molecules 
have been proposed to act via stabilisation of telomerase. Reverse 
transcriptase inhibitors, such as A2T triphosphate, and guanine- 
quadruplexes , structures associated with telomeres have also been 
shown to inhibit telomerase. This will clearly be an area where, in 
the near future, potent inhibitors will be developed thus permitting 
further target validation experiments to be performed in tumour- 
bearing mice and ultimately in cancer patients. 
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Telomerase contains two essential components: an RNA molecule that 
templates telomeric repeat synthesis and a catalytic protein component. 
Human telomerase is processive, while the mouse enzyme has much lower 
processivity. We have identified nucleotide determinants in the 
telomerase RNA that are responsible for this difference in processivity. 
Mutations adjacent to the template region of human and mouse telomerase 
RNA significantly altered telomerase processivity both in vitro and in 
vivo. We also identified functionally important nucleotides in the 
pseudoknot domain of telomerase RNA that potentially mediate the 
incompatibility between human TERT and mouse telomerase RNA. These 
experiments identify essential residues of the telomerase RNA that 
regulate telomerase activity and processivity. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB Salvicine is a novel topoisomerase 11 inhibitor possessing 

significant antitumor activity, both in vitro and in vivo. The 
antitumor effect of salvicine is associated with its ability to 
induce tumor cell apoptosis. Telomerase plays an important role in 
the apoptotic pathway. However, little is known about the mechanisms 
of telomerase regulation during apoptosis induced by anticancer 
drugs. This study investigated the regulation of telomerase activity 
in salvicine- induced human leukemia HL-60 cell apoptosis. Salvicine 
treatment resulted in HL-60 cell apoptosis and down- regulation of 
telomerase activity in a time- and concentration-dependent manner. 
Repression of telomerase activity preceded a decrease in expression 
of the telomerase catalytic subunit (hTERT) and telomerase-associated 
protein (TP1) at the mRNA level, suggesting that the salvicine- 
induced decrease in telomerase activity may be additionally regulated 
by mechanisms other than telomerase subunit transcription. We 
observed that okadaic acid (OA) , a protein phosphatase inhibitor , 
prevented the induction of apoptosis and the down-regulation of 
telomerase activity by salvicine. The significant increase in protein 
phosphatase 2A (PP2A) activity induced by salvicine treatment was 
blocked completely by OA. Moreover, although salvicine induced HL-60 
cell apoptosis in a caspase-3 -dependent manner, a specific caspase-3 
inhibitor, Z-DEVD-FMK, did not prevent a decrease in telomerase 
activity or an increase in PP2A activity in apoptotic HL-60 cells, 
ruling out a role for caspase-3 in PP2A activation by salvicine. The 
results collectively suggest that the salvicine-induced decline in 
telomerase activity is not a consequence of HL-60 cell apoptosis and 
that it may be caused principally by the dephosphorylat ion of 
telomerase components mediated by PP2A activation. (C) 2002 Elsevier 
Science Inc. All rights reserved. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* , 

AB Telomerase adds hexameric repeats of 5 1 - TTAGGG - 3 ■ termed telomeres 

to ends of chromosomal DNA. This enzyme has been implicated in 
cellular immortalization and cellular senescence. Recently, a number 
of relevant genes have been cloned, including these encoding three 
major components of human telomerase: human telomerase RNA component 
(hTR) , human telomerase reverse transcriptase (hTERT) , and 
telomerase-associated protein-1 (TEP1) . Also important are genes 
encoding human telomeric-repeat binding factor protein (TRF) 1 and 2. 
To clarify mechanisms regulating telomerase activity, we studied 
telomerase activity, the telomeric restriction fragment (TRF) length 
and gene expression of these telomerase components and the telomeric- 
repeat binding factor proteins in sequential observation following X- 
irradiation of cultured pancreatic cancer cells. We previously 
reported that PANC-1 cells are better able to tolerate thermal 
stress, antineoplastic drugs, and exposure to tumour necrosis factor 
than MIAPaCa-2 cells. MIAPaCa-2 and PANC-1 cells were exposed to X- 
irradiation, their telomerase activity was increased at 2 days and 
then decreased gradually. Of the three telomerase components, only 
hTERT mRNA expression showed parallel changes. TRF length was stable 
just before and after X-irradiation. Among binding factor proteins, 
TRF1 mRNA showed reciprocal changes possibly directed toward 
maintaining a stable telomere length. In this study, our results 
demonstrate that not only hTERT but also TRF1 are important regulator 
of telomerase activity. (C) 2001 Cancer Research Campaign. 
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